example, positive substance use expectancies refer to the perceived positive effects of substance use, such as holding the belief that being under the influence of alcohol would make one feel enjoyment (Fromme, Stroot, & Kaplan, 1993) . Negative substance use expectancies refer to the perceived negative effects of substance use, such as holding the belief that tobacco use would make one feel sick (Rohsenow et al., 2003) . Substance use expectancies have consistently been found to be associated with alcohol (Jester et al., 2015; Montes et al., 2017) , tobacco (Cohen, McCarthy, Brown, & Myers, 2002) , and marijuana use (Flory, Lynam, Milich, Leukefeld, & Clayton, 2004) . Specifically, cross-sectional and longitudinal research findings indicate that the level of positive substance use expectancies is positively associated with substance use behavior and use onset, whereas the level of negative substance use expectancies is negatively associated with substance use behavior and use onset (Doran et al., 2013) . Importantly, substance use expectancy formation occurs during normative child and adolescent cognitive development, which often precedes substance use onset (Christiansen, Smith, Roehling, & Goldman, 1989; Miller, Smith, & Goldman, 1990) . Change in substance use expectancies may be influenced by parental modeling of substance use (Brown, Tate, Vik, Haas, & Aarons, 1999) , exposure to substance use information from the media (Boyle, LaBrie, Froidevaux, & Witkovic, 2016; Osberg, Billingsley, Eggert, & Insana, 2012) , and personality factors (e.g., narcissism, sensation seeking; Gott & Hetzel-Riggin, 2018) . Regardless of the antecedents of expectancy change, the perceived likelihood of positive outcomes occurring as a result of alcohol use tend to increase, whereas the perceived likelihood of negative outcomes tends to decrease, with age in early adolescence (Colder et al., 2014) . Similar trends in tobacco and marijuana expectancies may also exist although less research has been conducted in these substance use domains (Trudeau, Spoth, Lillehoj, Redmond, & Wickrama, 2003) .
Despite substance use expectancy formation being highly dynamic during youth (Colder et al., 2014; Dunn & Goldman, 1998) , previous studies linking expectancies to use onset have predominately examined whether substance use initiation is predicted by prior static level of expectancies, overlooking whether expectancy change differentiates use onset risk. The rate of change in substance use expectancies may represent a risk factor for use onset above and beyond the static level of substance use expectancies. For example, in a seminal study, the rate of change (i.e., slope) of alcohol outcome expectancies was found to be fastest among participants who initiated alcohol use for the first time during the assessment period (Janssen, Treloar Padovano, Merrill, & Jackson, 2018) . Moreover, decreases in negative alcohol outcome expectancies over time were found to be predictive of alcohol use onset indicating that within-person change in outcome expectancies may be associated with substance use onset. As an important extension of this prior work, the present study examined whether changes in positive and negative alcohol, tobacco, and marijuana expectancies during adolescence were prospective predictors of respective substance use onset. The present study is a secondary analysis of longitudinal data collected from a sample of high school students. Within a parallel process latent growth curve modeling framework, we hypothesized that the slope of positive and negative substance use expectancies during mid-adolescence (ninth and tenth grade) would predict substance use onset during late adolescence (eleventh and twelfth grade). The hypothesis that change in expectancies would be predictive of use onset was examined for three commonly used drugs-alcohol, tobacco, and marijuana.
Method

Participants and Procedure
A total of 3,396 adolescents across 10 data collection sites completed surveys that included questions assessing substance use expectancies and substance use. All students not enrolled in special education classes across the 10 data collection sites were eligible to participate (N ϭ 4,100). The majority of students assented to participate in the study (N ϭ 3,874), of which, parent(s) provided consent (N ϭ 3,396). In terms of attrition, 23 participants actively withdrew their enrollment in the study throughout the assessment period in addition to participants who were lost at follow-up. For example, in terms of differential follow-up rates, completion rates ranged from 91% at wave 6 (completion rates at wave 7 and 8 were higher than at wave 6; wave 6 [N ϭ 3,078]) to 99% at wave 1 (N ϭ 3,383). The sample was 47% male and the age of participants at the first wave of assessment ranged from 13 to 15 years of age (M ϭ 14.08, SD ϭ .40)
1 . The sample was predominantly Hispanic/ Latino (47%), followed by Asian (16%), White (16%), Multiracial (6%), Other (6%), Black/African American (5%), Native Hawaiian/ Pacific Islander (3%), and American Indian/Alaska Natives (1%). Data were collected as part of a longitudinal survey of substance use and mental health among high school students (Leventhal et al., 2015) . The survey contained approximately 300 questions to assess approximately 250 outcomes across eight waves of assessment; thus, survey space was limited which precluded a more comprehensive assessment of substance use expectancies. There were eight waves of assessment, six months apart, starting in Fall, 2013 (ninth grade) and ending in Spring, 2017 (twelfth grade). Participants who completed surveys in person received small gifts (e.g., University of Southern California [USC] key chains) for completing each survey. Participants who moved and completed surveys over the phone or Internet were given a $10 gift card for each survey completed. The USC institutional review board approved the study.
Measures
Substance use expectancies. Positive and negative alcohol, tobacco, and marijuana expectancies were measured across each wave of the assessment period. Positive and negative expectancies were each measured with a single item for each substance (Positive: "I think I might enjoy, experience pleasure, or feel good using 1 The original sample included participants who were 12 (n ϭ 1) and 16 (n ϭ 10) years of age. Given their low frequency in the sample (see online Supplemental Table 1 for age frequencies in the full and age-restricted sample), we used an age-restricted sample so that study findings would be more generalizable to the typical age range of incoming high school freshman students. We also considered examining age-distributed rather than grade-distributed data. Given the low variability in participants' baseline age in the age-restricted sample (ϳ82% of participants were 14 years of age), and that the study design and assessment schedule was based on grade level, we wanted to use an analytic approach consistent with the study design. Thus, we elected to examine grade-distributed rather than age-distributed data. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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alcohol [tobacco/marijuana]"; Negative: "I think I might feel bad, sick, or embarrassed using alcohol [tobacco/marijuana]") using a 4-point response scale (1 ϭ strongly disagree, 4 ϭ strongly agree). The items used to assess positive and negative substance use expectancies in the present study were adapted from the Cognitive Appraisal of Risky Events (Fromme, Katz, & Rivet, 1997) questionnaire. Moreover, the response format was adapted from a likelihood rating format to a degree of agreement rating format. Substance use onset. Substance use onset was measured across each wave of the assessment period. Participants were asked to indicate how old they were the first time they tried a substance and were given a list of substances that included "one full drink of alcohol [e.g., can of beer, glass of wine, wine cooler, or shot of liquor]", "a few puffs of a cigarette [e.g., Marlboro, Camel, Newport, etc.]", and "marijuana [pot, weed, grass, hash, reefer, or bud] ." The response options included a range of years, from "8 years or younger" to "17 years or older" as well as the response option, "I've never tried this substance." In wave 1, participants who reported never having tried a substance received a recoded response of "0" with all other responses recoded as "1" to signify that a participant had initiated substance use. In subsequent assessments, participants were asked if they had ever used a specific substance in their life. Initiation (0 ϭ No, 1 ϭ Yes) during 11th or 12th grade was the primary outcome.
Data Analysis Plan
Frequency of substance use onset was analyzed using SPSS Version 25 (IBM Corp, 2017) . Mplus Version 7.4 (Muthén & Muthén, 2014) was used for the growth curve analyses and to examine the correlations between binary outcome variables (i.e., tetrachoric correlations). To test the study's hypotheses, data were linearly fitted within parallel process latent growth models to derive the intercepts and slopes from the first four waves of positive and negative expectancy data to examine whether these parameters were predictive of substance use onset that occurred during the last four waves of assessment (see Figure 1 ). Six models were estimated, one unadjusted (i.e., without covariates) and one adjusted (i.e., with covariates) model for each substance, and the latent intercept and slope parameters from the positive and negative expectancy trajectories were modeled simultaneously. Sex, age, ethnicity, living situation (i.e., number of parents residing at home), peer drinking, and parents' level of college education were examined as covariates in the adjusted models as research indicates that they may be predictive of substance use onset (Chen & Jacobson, 2012; Cohen, Richardson, & LaBree, 1994; D'Amico & McCarthy, 2006; DuRant, Smith, Kreiter, & Krowchuk, 1999; Nelson, Van Ryzin, & Dishion, 2015; Nicolai, Moshagen, & Demmel, 2012; Patrick, Wightman, Schoeni, & Schulenberg, 2012) . See Table 1 for coding of these covariates.
Only participants who did not initiate substance use onset during the first half of the assessment (i.e., first four waves) were included in the analyses (n alcohol ϭ 1773, n tobacco ϭ 2678, n marijuana ϭ 2323). The analytic sample size for each model included participants with missing data related to substance use onset representing less than 8% of the sample in each model. Models were also conducted excluding participants with missing data related to substance use onset. Results from models excluding participants with missing data were not substantively different from the findings reported herein; thus, we present findings from the larger analytic subsamples. Attrition analyses were also conducted and indicated that missing alcohol, tobacco, and marijuana expectancy data were not associated with substance use initiation, ethnicity, or parents' level of college education. Missing data were associated with participants' sex and age, with being male (B ϭ .35, p Ͻ .001) and older (B ϭ .04, p ϭ .03) associated with more missing alcohol expectancy data. For each model estimated, we used a pairwise missing data approach on the predictor variable(s) and the weighted least squares estimator (probit link function; Savolainen et al., 2018) . The examination of model fit indices (e.g., 2 , CFI, TLI, RMSEA) based on recommended cutoffs (e.g., Kline, 2015) indicated good model fit for all unadjusted and adjusted models. For brevity, findings from the unadjusted models are presented in the text but all statistics from the unadjusted and adjusted models are presented in Table 1 . Unstandardized effect estimates were presented (e.g., B and odds ratios [OR] with 95% confidence intervals). Statistical significance was evaluated at p Ͻ .05. In the examination of expectancies as a predictor of use onset, the intercept and slope of the expectancy trajectory each served as covariates in the model. Controlling for the other latent growth parameter in the prediction of use onset allowed for the examination of whether the expectancy slope explained unique variance in use onset not accounted for by baseline level of that expectancy. We also examined growth parameters as predictors of time-to-first use of a substance across waves. Results indicated there was not a significant effect of expectancy slopes in time-to-first-use of a substance.
Results
Descriptive Statistics
The timing of substance use onset across the assessment period is reported in Table 2 . During the assessment period (ninth to twelfth grade), differential rates of alcohol (50%), tobacco (30%), and marijuana (46%) use onset were observed. In Table 3 , an examination of mean expectancy endorsement across the entire assessment period revealed a linear trend (positive slope for positive expectancies and negative slope for negative expectancies). In Table 4 , a statistically significant negative correlation between the positive and negative expectancy slopes within each domain was evidenced. The outcome variables were also found to be positively correlated with each other (alcohol-tobacco initiation: r ϭ .51, p Ͻ .001; alcohol-marijuana: r ϭ .70, p Ͻ .001; tobacco-marijuana: r ϭ .63, p Ͻ .001).
Change in Substance Use Expectancies as a Predictor of Substance Use Onset
Positive expectancies. The slopes of positive expectancies from the unadjusted models were found to be statistically significant prospective predictors of substance use onset across all three substances (see Table 5 ). Specifically, the slopes from the alcohol (␤ ϭ 2.04, p Ͻ .001; OR B ϭ 7. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Figure 1 . Model of the slope and intercept parameters from the latent growth model of positive and negative alcohol expectancies from the first half of the assessment period as predictors of alcohol onset in the second half of the assessment period (controlling for sex, age, ethnicity, family living situation, peer drinking, and parents' education level). This document is copyrighted by the American Psychological Association or one of its allied publishers.
The intercepts of positive substance use expectancies were also found to be statistically significant prospective predictors of use onset. Specifically, the intercepts of the positive alcohol (␤ ϭ .64, p Ͻ .001; OR B ϭ 1.90), tobacco (␤ ϭ .78, p Ͻ .001; OR B ϭ 2.18), and marijuana (␤ ϭ .59, p Ͻ .001; OR B ϭ 1.81) expectancy trajectories during ninth and tenth grade were positively associated with their respective substance use onset in eleventh and twelfth grade. Negative expectancies. Only the slope of negative marijuana expectancies from the unadjusted models was found to predict marijuana use onset (␤ ϭ Ϫ.81, p ϭ .04; OR B ϭ .44: see Table 5 ). Only the intercept of negative tobacco expectancies was found to be a statistically significant prospective predictor of use onset (␤ ϭ Ϫ.33, p ϭ .01; OR B ϭ .72). The intercepts of negative alcohol and marijuana expectancies were not statistically significant predictors of respective use onset.
Discussion
The present study focused on the examination of the change in positive and negative substance use expectancies during ninth and tenth grade as a predictor of substance use onset during eleventh and twelfth grade. The purpose of the study was to extend prior research (e.g., Janssen et al., 2018) by elucidating whether change in positive and negative alcohol, tobacco, and marijuana expectancies were a risk factor for substance use onset in high school. Consistent with our hypothesis, the observed increase in positive substance use expectancies over time prospectively predicted a higher likelihood of substance use onset across all substance use domains (except in the adjusted marijuana model where poor model fit was exhibited). Given that research indicates that positive substance use expectancies may increase with age during childhood and adolescence (Colder et al., 2014; Miller et al., 1990; Wahl, Turner, Mermelstein, & Flay, 2005) , and that results from the present study indicated that change in positive substance use expectancies was a risk factor for substance use onset, research is needed to examine antecedents of change in substance use expectancies in adolescence. Importantly, a different constellation of antecedents of expectancy change may exist depending on the substance under observation, with exposure to substance use information from the media (Boyle et al., 2016 ) being a potential antecedent of expectancy change to target in future research [not measured in the study]. In addition, dynamic changes in e-cigarette and marijuana use expectancies among adolescence need to be monitored and examined as predictors of use onset given the rise of e-cigarette use and public discourse surrounding marijuana use legalization (Harrell et al., 2015; Volkow, Baler, Compton, & Weiss, 2014) . Such investigations would be guided by expectancy theory (Bandura, 1986) and social learning theory (Rotter, Chance, & Phares, 1972) where indirect experiences with substance use (e.g., parental modeling and media influence) are posited to inform the development of substance use expectancies.
Only the slope of negative marijuana expectancies was found to be associated with use onset, extending previous findings in the alcohol literature (e.g., Janssen et al., 2018) . However, the slopes associated with negative substance use expectancies were largely found to not be significant prospective predictors. Although largely inconsistent with our hypothesis, researchers examining This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
positive and negative alcohol expectancies have generally found more robust effects for positive alcohol expectancies as predictors of substance use among younger populations (Zamboanga, Horton, Leitkowski, & Wang, 2006) . Thus, it may be that expectancy change and its effect on substance use onset may be more salient for positive (relative to negative) expectancies.
Implications for Intervention Efforts
The finding that change in positive substance use expectancies is a predictor of use onset across three substance use domains, over and above static level of expectancies, represents a novel and important extension to the expectancy and substance use literature. Note. M ϭ Means; SE ϭ Standard Error; SD ϭ Standard Deviation; PAE ϭ Positive Alcohol Expectancies; NAE ϭ Negative Alcohol Expectancies; PTE ϭ Positive Cigarette Expectancies; NTE ϭ Negative Cigarette Expectancies; PME ϭ Positive Marijuana Expectancies; NME ϭ Negative Marijuana Expectancies. Unstandardized estimates from unadjusted models are provided. The response scale for the positive (e.g., "I think I might enjoy, experience pleasure, or feel good using alcohol") and negative ("I think I might feel bad, sick, or embarrassed using alcohol") expectancy questions were: 1 ϭ Strongly Disagree, 2 ϭ Disagree, 3 ϭ Agree, 4 ϭ Strongly Agree (Disagree Ͼ 2.5 Ͼ Agree). ‫ءءء‬ p Ͻ .001. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Given the findings from the present study, expectancy challenge interventions-which attempt to challenge positive substance use expectancies that individuals hold and that have been found to be effective at reducing substance use (Wood, Capone, Laforge, Erickson, & Brand, 2007) -may need to be adapted to incorporate an awareness component so that individuals learn to be more attuned to shifting expectancies. Rather than merely administering a preventive intervention addressing beliefs about drugs at the outset of high school, continued challenging of substance use expectancies throughout the first half of high school may be more beneficial to slow the acceleration of positive substance use expectancies formation and in turn help to delay substance use onset. In addition, a school-based life skills intervention administered to participants in middle school was found to be associated with a slower rate of decrease in negative substance use expectancies (Trudeau et al., 2003) . Given that change in negative marijuana expectancies was predictive of marijuana use onset, a life skills intervention may be effective in delaying adolescent marijuana use onset. Moreover, attempts to tailor a life skills intervention to target positive substance use expectancies may also be effective at delaying substance use onset more broadly. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Limitations and Conclusions
Study limitations should be noted. First, for each substance, only two items were used to assess positive and negative substance use expectancies, and these items focused on relatively narrow construct domains (i.e., pleasure, enjoyment, positive affect, sick, embarrassment). Thus, construct coverage and reliability of the measures may be suboptimal. While the items do reflect the measurement of outcome expectancies as conceptualized in expectancy theory (Alfonso & Dunn, 2007; Copeland, Brandon, & Quinn, 1995; Ham, Stewart, Norton, & Hope, 2005) , single item indicators may lead to biased estimation. Future research efforts are strongly encouraged to use psychometrically valid measures of substance use outcome expectancies with better construct converge that also contain subscales to provide more specific details related to the types of expectancies that should be targeted in interventions. Lastly, study hypotheses did not focus on the earliest initiators of substance use in order to separate distinct periods of preonset expectancies and use onset risk. Additional research is needed to determine if change in expectancy trajectories is similarly related to use onset among early initiators.
In sum, in the examination of three common drugs of abuse, change in positive substance use expectancies during the first two years of high school were found to be a marker of risk propensity for substance use onset. Change in positive expectancies may be an important target in adolescent substance use prevention and risk assessment. Additional research is needed to translate findings from the present study to improve expectancy-based interventions for youth substance use.
